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Description 

BACKGROUND OF THE INVENTION 
B Field cf the Invention 

[D001] The preset* invention rotates to a nonaqireoufr-efectralyte «Kondoiy battery Incorporoung a coll electrode 
. formed by laminailng elongated positive and negative electrodes through separatora ouch that the outBrmoat layer fa 
the positive electrode. 



ftstaied Background Ail 



[UQQ2] Hitherto, secondary battana* fbrtlactronlc eppefeujBEis have been nlckeJ-andmlurn batteries or laad batteries* 
The progress of we electrons; technique mad© In recent years has caused the performance of tha electronic apparatus 
iff to be bTtprovod, Oio ska to be reduced and a portable structure to be realized. Aa a result, a requirement Has arisen 
to' re tee (ha energy density of the secondary battery for tha electronic apparatus. However, there arises a problem fri 
mat tha energy density pf the riricateadnttim battery and mat of tha lead battery cannot satisfactorily bi raised because 
of low discharge voltages. 

[0003] In recant years, a rrtrtaquaous^electrorytB secondary battery baa ervjrgettcaUy been developed and re- 
2o searched aa a secondary battery expected to be capable of raising the discharge voltage end raaBzlng small salt 
discharge and a long Rfstime against cycle operellona, The nonaquaoits^lsctrolyta secondary battery has been em- 
ployed In placa> of the ntetef-cadmhim battery and the lead battery. The riormqueous-etodroryto secondary battery 
Incorporates a negative electrode made of a material, such as a carbon materiel, which permit* dopiiir^adoping Iftnium 
tona; and a poaftrve electrode made of a composite HNum odde, such as compcarta Uthtum-cobalt oxWa. 
[0004] As described above, the nonBqueoua-elecIrrjtytB secondary battery Is required lo have satisfactory charge- 
tsrtttlca including a discharge charaaofteflc under a heavy load and Qretkna against a cycle operation. Therefore, tha 
structure of the electrodes of the above-rneniJoned nonaqueou s s tatu u ryte secondary battery has usually been formed 
Into a coil electrode structuTBae shown tn FIG. 1. As shown In FIG. 1 . an alortgeled positive elocsrode 1 03 Incorporates 
po3|lhn5-elacJrrjde-rribi tayere 102a and 102b fanned by applying a poaftfvB-etectradS mix to each of the two side* or 
so a collector 101. An elongated negative electrode 106 similarly Incorporates nagativa-electrooa-mbc layers 105a and 
105b formed by applying a negate electrode mtx to each of the two sides of a collector 104. The positive and negative 
electrodes 103 and 106 are wound such that a separator 107 Is Interposed so that a cofl electrode 108 b formed, in 
tha roregoaig case, Internal short drcult occurring whan fllhlum ta deocsttad during a charging operation must be pra- 
venledL Therefore, the width and length of the negative electrode iOQ opposite to tha positive electrode 103 usually 
'95 are made lo be larger than those of tha positive electrode. 103. 

[0005] The above*nsnaoned coll electrode 108 Incorporates the negative electrode IDs which terms tha tnnermosl 
layer and tha outermost layer. Therefor*, portions, eann containing non-reacted rtegstlvMleotrode active materiel 
which does not concern ihe chargeMlscharge, exist adJaceiUtotho end oT me outermost layer of ttia negative electrode 
1 06 and the Innermost layer of tha same. Therefore, tha Inside portion of tha battery cannot effectively be used. Aa a 

*0 result, there arises a problem hi that tha energy density Cannol setiafar^oriTy be raised, 

(0006] lb solve the sbove-iriaritfoned problems, e technique has been disclosed In Japanese Potent Laid-open No. 
5-234620. As shown In FIG. 2, an elongated positive electrode 113 Irtcorporeles rjcaiuve-eJeca^de-mbr layers 112a 
and 1 12b farmed by applying a posfoVe-electrode mix to each of the two sides of e collector in. An efongaiad negative 
electrode 118lncc/pc*atesnegatfv*^^ 115b formed by epprylng a no^v^ototiMe^mbc 

45 to each of tha two sties of a collector 11 4, The posfaye etecfredo 113 end tha negative electrode 116 are wound such 
thai a separator 117 Is Interposed so that a coR electrode 116 Is formed. The outermost layer electrode, wfih which 
chargeMschargeof the oofl electrode 11B is perfbrttted. is made to be tha poshTve eleclrada 113. Moreover, a portion 
aojacant to en auiermoet end 113a of tha positive electrode and/or a porben adjacent to an Innermost end 113b is 
formed such that the postth^lectroa^-mlx layer 1 1 2a (only the Irmar posroVMlecboda-mb: layer 11 2a In the foregoing 

m .case) is formed rjn arrfyaKhormaki surfoceof the colTector 111 , Thus, tho<^n1rtyof the non-reec*ed r^atlve-elsctrodB 
active material in vie battery can bo reduced. Thus, tha inside portion of the battery is enectfvely ^aed to raise the 
energy density oorraaportqaigiy; 

(0007} However, the ebove-mert&ened coll electrode has the structure as shown In FIG. 2 such that Ihe outermost 
end H$a of the negative electrode 11 6 Is formed by only the collector 114. A negaUvo-aJoctrade lead 119 ts provided 
M for the epparsmfece of the collector 11 4 SO that a projection to formed on foe Upper surface. Also the positive electrode 
113 has an outermost end 113a formed by only the collector 111. If the projection exists as described above, the 
projection pierces the separator 117 disposed between the negative electrode 116 end the poatuVe electrode 113. 
Thus, the projection la undesirably brought Into contact with the collector 111 of the positive electrode 113. It leads to 
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a fact thai short circuit wstty (ekes place. As a result, a percent detective ts rebed and, therefore, reflabRUy deteriorates. 
SUMMARY OF THE INVENTION 

9 [ooofil in view of the foregoing, an object of the presenl trtventfoo Is to provide a nonaquaeus-4e«iTctyto secondary 
battery which reduce (he quantity or s non-roscted active material for the negetJvo electrode in the battery to effectively 
use the Inside portion or the battery so as to raise Una energy density, elongate the Iffetime egamst ■ cycle operation, 
prevent a dared and improve the reU abaiiy. 

100093 According to ana aspect or the presem Invention, more te provided a nonaquecua^bciroryie secondary bat- 
to taiy indudtng: a cod electrode formed by lomtnating an elongated positive electrode which has a pos»ive>«rBctmde- 
irOx layer formed on Bitaaatehher of molnsun^c^ 

which has e nega tfVMltctrode-mjx layer formed on at least either meln surfaces of a negaU ve^iectrode collector and 
by winding a formed ismlnetosuch that the positive electrode ts posttionsd atfflo outermost position of the cod efectrodo, 
wherein ine pc^irvMtecirDda^nrx layer Is termed on Orrfy ermerof main surfaces of the cprtedor el the position adjacent 
15 tolheoe1erTT^tef>dofthepoemv«ele«ir^ 

the posnvo-eioctroda-rnljc layer ts not termed on the poeWve-etactreda cofladnr «i the outermost end of the posteve 
electrode and only the poshrve-efarfrode collector Is forrnad. the negalive-otectrodewntx layer la not formed on the 
negaUve-eiectreoe oottactqr at the outermost and of the negative electrode and only the negathm^alaclrade collector 
la tenriod, and the outermost end of the nBgaiVa-eJeovotfo collector positioned at the outannoel end of the negative 
electrode Is. In the dsecaon from (he Inner portion of the coil electrode toward the outer portion of the cod electrode, 
poaffioned more forwards than the outermost end of th a positrve^lectrod* cnitactor. 

[wnoj Tha^nonaq^usHilectrotyto secondary battery acconftig to the present Invention may have a structure lhal 
the coll electrode Jrworporeies a negatrve-etectrods lead adjacent to en outermost end of the negetVe-electrode cof~ 
lector positioned at Ihe outermost end of the nanaBve electrode, and the nenatlve^lsctrooe lead la poslltened mora 
rorwarde than the outermost end of the poaluve-eiectrodB collector posflJorred at the outermost end of the poslbVe 
eiaetrode. 

[0011 J Tne noneqi«ous^actrolyte secondary battery accord tig to the presem invention may have a structure thai 
Ihe coll electrode hao a aevcf tire that defiance L from the outermost end of (he negauve-electrode collector positioned 
at the outermost end of Iho negative electrode to the ouianriaat end of Die poeKrve-erecDOde coffecior posmoned at 
the pirtermoe^nocf the poafuv* elactrodB which are positioned In e fcre-end^aft dimction from iho Inner pcrton or 

^^^f^ 0Ut * r ?a ^ Dn 01 ^ 00,1 etec * ro *> esdsfles the following retotJonship on an assumption 
that the diameter ofthocoB electrode d: . «*™m H ««TT 

0«L£nd 

[Oom The nonaouoous^ieclrofyta secondary battery according to the present Invention may have a structure that* 
Ihe negative-electrode mix contains a negairve*iectrode malarial and a binder. 

DD013] The noraqueotia^ledrolyte secondary battery according to the present invention may have a structure that 
the r^ve-etec^Ode material Is at raaat one type material selected from a group comblmg of a crystalline metal 
oxide and an amorphous metal oxide which permit dcofoc/dedopuuj uihium lone, 

f? 014 * r c ™? Jaou ** ! * ctro ^ te wcondary battery according to the present invention may have a structure that 
UieposJOve^leciredo mix contains a posilrve^iec4/oos material, e eencructfve material end a binder. 

The noneoueoufl-eleclroryte secondary battery according to me present Invention may have a structure that 

^^^^IT^ 1 ^ ^f l mB ^ ] M,9Ctod fitMna9rou P of UMO, (Where M Is at 

nS^JT ^? ^ ' A, ' Vfiind77 > ar * interiayer compounds each containing U 

poifij The nortaqueoui electrolyte eecondary battery according to the present invention may have a structure ihet 
me «eparetor Is made of at reset one type materiel selected from a group consisting of polyethylene end poly pro pyi ene 
poi 7j too noria W aous^lirctrolytB secondary banery according to the present Invention may have a structure that 

9^^^T^^l^ " ™ d " ° f * 18851 ™* matartll, *™ B W 09 alumitium. 

}" 1 "LT» secondary battery according to me present Invention may have a structure that 

Vie negairvr>electrode collector is made of at least one type material selected from a group eonsfaOng of cooper 
stainless aleel and nfckeL v ^ ^ copw 



mrr^^at^^ t T ,Y accoptfln B to Pressnt invereion may have a structure that 

Uie ivmaoueous^ctroMo secondary battery contains a nonaqueous electrolyte prepared by dissolving an electrolyte 

ZZS^^J^ 7 ' at l' Jthe RQIlflqU00U » « rfvenl ^ reads of et le«t one type fiujterlel selected from B group 
conststlng of propylene cartsmate. ethylene carbonate, 1. 2Mllnxrlhoxyethana ( 1 , Z^tootyttftane. oTerhylca«arato 
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?*utyrebifdane r terrahyovofurari. 1,3-dlo*oJana. 4-melny1-1, 3-dto«rfene. dtelhyUttigr, sulJofano. methytaulfdan*. ac- 
otonftffia find propJonHrte. 

pm20] The rtanaqueous^e^Urolyte secondary battery accenting to tho present Inventton may hive a stricture that 
the eJerarolyte Is ajlaast ona type material selected from a group cars* fating of UCI0 4 . UAstV LFF«. UBP 4 . UB^H^, 
UCK LBr, US0 3 CH 3 and USO a CF 3 . 

[0021] Other objects, features and advantages of (ha Inventon wfll be evident from the following detailed description 
of ihe preferred embodiments described In conjunction with Via attached drawings. 

BRTB= DESCRIPTION OF THE DRAWINGS 

[0022] 



FIG. 1 b crabs sectional view ehowg (he structure of a conventional iwia<;ueog«-eleotroiyta aaeondary battery; 
FIG. 2 Je a cros sectional view snowing another conventional nonaa^Bous^lactroiyte secondary battery; 
15 FIG 3 to a cross sectional view ahowhig the structure of a nonao^aousHtfectrolyie secondary battery according 

to the present Invention; 

FIG- 4 tea cross sectional view showing Ihe structure of the nonaqueous-electroiyte secondary battery according 
to the present Invention: 
RG.Stoaperspscth^vtewsrjowIn^ 
20 secondary battery according to the present Invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

£0023] An embodiment of ihe present Invention will now be described with reference to the drawings, 
25 [0024) An embodiment of e nonacruoouc^octmJytfl secondary battery according to the present invention Is shown 
In FIG. 3. 

[0025] The noraquoous^tarfrnryte secondary battery according to true embodiment, aa shown In RG. 3. incorpo- 
rates a positive electrode 3 having posttv^Iecirpdo-mix layers 20 and 2b formed on the two aides of a posttfve- 
elOCUode collector 1 . Moreover, a negative electrode 6 (ncorporatea negat^e-elcctrode^x layers 5a and 50 farmed 

so on the two sides of the negatfve-eiectrrjde cottector 4. The positive electrode 3 and Ihe negative electrode 6 are wound 
sUOh thai a separator 7 la interposed. The separator 7 Is a small-pore film made of polypropylene or polyethylene. 
Thus, s eofl electrode is formed. Thus, Insulating members 8 am placed on the two vertical surfaces of the coll electrode, 
rcritowed by accorrmiodating the col electrode having the Insulating members B into e battery can 9. . 
[0020] A battery cover 10 Is joined to the battery can 9 by crimping the battery cover 10 through a sealing rjaakal 

« n. The battery cover 10 and the battery can 9 are electrically connected to the positive electrode 3 and the negative 
electrode 6 respectively through a poslUve-etactrode lead 12 and a negative-electrode lead 13. Thus, tha posffive 
electrode and the negative ebctrode of the battery are formed. 

[0027| Note that a cwen*-amWng tfiln plate 14 serving as a safety unit Is proMded for tha battery according) to this 
embodiment The posltrve-etecvode lead 12 Is welded to the currant- fimtong tnm plate 14 so as to ele Ui l ue l y be con- 
4a nested to the battery cover 1 0 through B» curent-HmWng thin plate 14. 

[qfJJfl] When the pressure In Ihe battery having tha above-rnemlonod structure has bean raised. Die CUrrsnMimiflng 
tiilh plate 14 is pushed upward* and therefore deformed. Thus* the posJuvo-eJoctrode lead 1 2 la cut such that a portion 
welded to the current- Ifentilng IhJn ptata 14 ta left As a result the e Jact f l o current b limited. 

' [01120] A croea sectional structure of tha nona ojueous-eleclrDtyra secondary bettary according to the present Invention 
la ahown In FIG. 4. In the nonao^eous^lectiolyto secondary battery according to this embodunerrt, the pealtrve^eleC- 
trode-mbe layer 2a la, aa ahown In FIG. 4, termed Ofl only either rnaJn surface (on tha InahJa) of fee padtWe-eJectrode 
collector 1 at b poslUon adjacent to en outermost end 3a of the posaive electrode 9 and/or an Innermost! and 3b of the 
same* No posHfra-elacuo d o-i nto t layer to termed on Ihe posWwe e le c tr ode cosactnr i at tha outermost end 3a of the 
positive eiectrode 3. Moreover, rm'neoatlve-electroc^rrib: layer Is formed on the negarfh/roietfrode ooiiedar 4 ai on 
60 outarmasl end 6a of the negative electrode a. That Is, only the negativa-eiactrode eoflectcr 4 Is termed at the outermost 
end 6a/ 

[0030] In a direction from Ihe Inner portion or trie cell electrode 15 to the outer portion of me same, an outermost 
end of the negeUve-eiectrods coflactnr 4, which is the outermost endeaof the negative electrode e, r*. positioned more 
forwards than the outermost and of ihe positive^ ecfrode collector 1 which h die outermost end 3s of the posflfve 
ss electrode 3. 

[003 1) As described above, die oastfrve^ectrode-mbt layer 2a t* formed on only either main surface or the positive- 
eleesnerfe cobaetor 1 at the position adjacent to tne outermost and 3a of the poalttvo doctroda 3 and/or the position 
adjacent to Ihe InnermoSl end 3b of the same. Tnersfbre, the necessfty of eoprymg Ihe poalUve^lertrode mix to each 
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- of the two sides of Ihe posJUvo-oledrodp collector 1 can bo olMnaied, Thcrrrfprq, a portion to wrick ma positive- 
electrode-mix layer 2a Is applied must bo termed on (ha main surface of Ihe posltfvc-okctrods collector 1, as shown 
kiRG.fi. 

[0032] In tha nohaquaotra-aladtmlyta secondary binary eoeordlng to tha presnrd Invention, the nsgaUva-eiectrodo 
* lead 13 Is formed adjacent to lha outermost end or the n*Q»lrve-electieda collector 4 which Is the outermost end 69 

of tha negative electrode 6 ol the cofl electrode 15* In a direction from the fairer portion of the coil electrode IS to tha 
outsr portion, tha nag atfre-oJectude la ad 13 la positioned mora forwards than lha outannost and of tha poeitrVe-efcc- 
trode collector 1 which Is the oulemioei end 3a of tha poslnve electrode 3. Note thai the norisqueous^Iedrotyte sec- 
ondary battery according to the present tn vent ton has a stucture that a positive etoctrodo lead (not shown) of tha 
« positive BtBctroda 3 la disposed In the Inside portion. 

[00331 An assumption wtf now be described which la made about the following distance of a region In the coD elec- 
trode 1 5 of the ncroqueous-elecircfyte secondary battery according to the present Invention, The distance is a distance 
In lha longitudinal direction from the [nner-portton of tha col electrode 13 toward Hie outer portion of the same. The 
assumption Is made that fro distance from tha outermost and of Ihe negeftfeelartrode ccrffector 4, which is (he out- 
is ermoet end 6a of tha negative electrode 6, to the outermost end of Ihe positive electrode collector 1, which Is the 
outermost end 3a of the positive electrode 3, te L Anothar assumption fa made the) (he diameter of the col electrode 
15 is d. It fa preferable that tha relationship 0 < L £ *o^ satisfied. 

[0O34J The nonequeoos^lectfo^ aec^rtdary battery according to the present Invention In co rpor ate me col eleo- 
trode 15. The col eloctrode 1 5 Is formed by laminating the elongated positive electrode 3 and Ihe elongated negative 

w electrode 3 which are laminated through the separator 7 each that the outermost layer Is the positive electrode 3. The 
poeitwa^lecbode^TilK layer 2a Is farmed on onlyeHhar mam surface of the posttrve^ectrode collector 1 at the position 
adjacent to the outermost end 3a of the positive electrode 3 and/or the position adjacent to the Innermost and 3b. In 
addlllbn, no poaBtva- electrode mix to formed on the Dosffiva^aferirnde cefaclor 1 at the outermost end 3a of the positive 
electrode 3. Only the posaiva-elactrode collector 1 b termed at Ihe outannost end 3a. Moreover, no negatives leotrodo- 

36 mh * toyer *s formed on the negeJlvmlectrade coll actor 4 at tha outermost end 6a of the negative electrode 3. Only the 
ragattve-electrode collector 4 is formed si Ihe outermost end 6a. 

10035) In the direction from Ihe inner portion of (he coll electrode 15 toward the outer portion, the outermost end of 
the negetrva^ecoede collector 4, which b the outermost end 6a of the negative electrode 6, Is posffaned more for- 
wards than Ihe outermost end of Ihe posIlive-Blacirada eoUador 1 which IS the outermost end 3a of the positive electrode 
3D 3. Therefore, the quantify of a non-reactive negBtive-slectrode active material In the battery can be reduced. As a 
raault, an effective eree can be enlarged correspondingly In the battery. Thus, the Inside portion of lha battery can 
effectively be used, causing me enenjy density to be raised and tha lifetime against a cycle operation to be etortgatad. 
[0036] The nonowecus~electrc4yte secondary battery according to the present Invention Incorporates the nagaUve- 
electrodo load 13 farmed adjacent to lha outermost end of the negotrVe-etectroda collector 4 which ts the outermost 
K end 8a of the negative electrode fl. in the direction from the Inner ponton or the con atoctrode 15 toward the outer 
portion of the same, tha nagative-efactrode lead 13 Is positioned more forwards than the outermost end of the posftive- 
alecirode collector 1 which lathe outermost end 3a oTtiie posJuve electrode 3. Therefore, even rf the negaih^iectrode 
teed 13 pierces the separator 7 dbposed between Hie coll atectrode 15 and the battery can 9. Ihe negstive-slactroda 
laad 13 Is brought hto contact with onjy tha battery can 9 which b also the negative electrode. As a resut, any internal 
short circuit occurs, np delect takes place and. therefore, the reHabtllry can be Improved. 
[0037] In the coU eloctrode 15 of the nortaaueouMlextrolyte secondary battery according to the present invention, 
the outermost end of the negativo-elartode collector 4, which ta the outa/most end 6a of the negative electrode 6, and 
* - the outermost end of Ihe poaluve e l a ctioJ a coHarfor 1, which b the outermost end 3e of the positive electrode 3, bib 
positioned ei Ihe fcre-and-on direction Imra the Inner portion of the coO etoctrode 15 toward Vie outer portion of Ihe 
** s arne. An essumpUon b made that the distance from the outermost end of the negelrve-electrode r rj l tem r 4 to lha 
outermost end of the posttrvwlectrode coflector 1 b L Another assumption b made mat tha diameter of the coll 
electrode 13 b it In Into case, it b preferable that the refatipnetUp 0 < L £ ird Is setisied. if me roragokig structure b 
ernptoyad, no mtemal short cJrcuft occurs. Ihe enemy density b furthermore raised and the lifetime against a cycle 
operation can furthermore be elongated. 

I0D3BJ A statu win now be considered that the distance L from the outermost end of iTi e rtsgathm-eiectrode collector 
4 r which b the outormosl end 6a of tha negative electrode a. to the outermost end of tha pc^nva-etectrode collector 
1 . which b the outormosl and 3a of we poal^ 

case, the outermost end of the posttrve-eJedrodo collector 1 overlaps the outermost end of the negetfve-erectrods 
collector 4. 

[0039] Therefore, tha percent defective a raised though the energy densiiy Is not lowered. If the distance L is longer 
than the above-mentioned range, many portions ere produced ki which the negative eloctrode 0 and Ihe POStOve elec- 
trode 3 are not apposite to eaoh other. Therefore: the energy densiiy to undesirably towered though the percentage 
CefecUvB la not lowered. 
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[0040] The positrvo eWctfode 3 and the negative electrode 6 according to the present Invention have the above- 
mentioned structures. The mix layers and coHectors for conaSiuUng ma paattye electrode 3 and the negative electrode 
6 may be known materials, 

[0041] The posftfve-elactrode-mtx layers 2a and 2b contain b posflm^lactrod* material, which permits UthJum Ions 
s e» be dopedrnedoped, a conductive material and a binder. 

[0042] It rs preferable that me posHlve>e|ectode material mntairts LI m a sutricfantJy It rye quantity. For example. It 

Is preferable that to employ a composite metal oodde expressed by UMOj (whom M fas at Least one type of a malarial 

selected from a group constating of Co* Nl, Ma Fe, A), V and tl) and composed of LI and e transition metal; or en 

Interieyer compound containing Li 
to [0043] The conducllvB material for Imparting conductivity lo the positive electrode and the Under for causing the 

positive-electrode materiel to be held by the posHta-electrode collector may be known materials. 
4 [0044} Trie conductive material may be graphite or carbon black, while the binder may be fluorine resin, such as 

polyvinyl (dene fluoride. 

[0646} The MOAihrralscarta-mk layers Ga and 5b contati the negative-electrode malarial which permits Dfhlum 
13 fans to be doped/dadoped and a binder. 

to 04 6] The neaathre^edrode material may be a carbon material. The carbon material la exsmpBflad by pyrocarboa 
coxa (pilch coke, needle coxa and patrotaum coke), graphite, vitreous carbon, a calcinated organic pojymar compound 
(a material obtain ad by calcinating phenol ream, furan raatn Or the Oca), carbon Bier and active carbon. The negebva- 

eleclrode malarial may be cystaflns metal oxide or amorphous metal oxide which permits Mhtum lone to be dopeeV 

as . dedoped, as well as the foregoing carbon matertaL 

[004TJ The binder tar causing the negallvo-electroda matBriel to be hakJ by the rumtrva^er^rode collector may be 
a known material. For example, the binder may be fluorine resin, such aa poryviny Wane fluoride. 
[0048] The battery according lothe present Invention cantafna a known nana qua dus elsctrOJyta in which an afectrn- 
lyte la dissolved In nonaqueous solvent, such as organic solvent 

35 [0049] The organic Solvent la not limited partteutarly., The organic solvent ta exemplffled by propylene carbonate, 
ethylene carbonate, 1, 2^ireethe*ysthane 1, 24lnrtthaxyelhane, 1, 2^*moxyemen*, diethyl carbonate, Tbutyroteo- 
tone, tetrarrydrofuran, 1 .^dioxotana, 4-m*fhy4-i, 3-dloxotena, cOathylathar, aulfalan*, metrryfcutotane, acatonlbUe and 
proptonlntto. Any one of the foregoing materiel may be employed or a m Wura of the same may be employed aa mixed 
Solvent. 

[0O5OJ The electrolyte la not Pmlted particularly. The electrolyte La ejuarsxmod by (JC?0 4 , tMsF Ql LIPF^. UBF^ LiB 
(CaHfi)^. UCI. LIBr, LtSOjCH, and USO3CF3. 

[0051] The material or the separator 7 Ea not limned particularly. The material Is exemplified by woven fabric, unwoven 
fabric or ernau-pgro Run made of synthetic resin. In parucufar, ma smaH-pore fllm made of synthetic resin is a preferred 
material. Moreover, a pcJyoleflne small-pom film ta a preferred malarial in viewpoints of realizing a required thickness, 

w strength of the formed mm and raelHaance of the film. Specifically, the following materials may bo employed: a small- 
pore film made of polyethylene or polypropylene cr a smalt-pore film made of a mtriure of the foregoing materiala. 
[9062] . The shape of the ooDeclor of tha electrode Is not Irmlled psrtlcuJarty, Afol structure, a mesh structure or a net 
structure made of expand metal may be employed. H Is preferable that the posKhrs-efectrodo collector 1 Is made of, 
For exempts, aluminum, stainless steel or nickel. It b preferable that tha nooatfvo-eiadrrjda collector 4 Is matte of, for 

40 example, copper, stainless steal or nickel. 

tV053Q The battery can 9 may ba natde of rron. niefcal, stainless steal or ekjmlnum, if electrochemical corrosion occurs 
11 the nonaqueous electrolyte containing the above-mentioned maiertal during the operation of the battery, plating may 
be performed. 

** examples 

IO054] Examples of tna present iwanBon wo now be described wtth results of experiments. 
^Manufacturing of 3ampteg> 

60 

Sample 1 

* 

{0056] Initially, tha negative electrode was manufactured as follows. 

(00567 Petroleum pitch was employed as e starting material, foOowBd by calcinating the pairoteum pilch so that 
66 COarsa pitch coke was obtained. The OOarso pBch COKe was purvarizBd so that powdar having an average parHcte stzs 
of 40 um was obtained, Than, the obtained powder was catenated In an Inactive gas at 1000*C to remove Impurities. 
Thus, opKe powder wm obtain* d, 

10057] Then, 30 parts by weight of mus-oirtslnod coxa powder, Serving aa a carrier far nogaUve-electrode actfve 
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material, and 10 parts by weigh! of polyvinyl UJgne fluoride (FVDF) solving as a binder ware mixed Thus, a negative- 
oJectrode mix was prepared, foJlowed by dispersing tho nsgatrve^lsctrode mbc In Nwnathylpyroftfon* which serves as 
eoJvenL As a result, negatives tacooda mbc slurry was obtslnsd. Tho nagsOw-etectrode mbc slurry was applied to Lha 
two sides of 9 fiagattve-elsctrotfa collector In D» form of copper foil having a thickness of 10 urn. Then, tha applied 

a . solvent was dried. Tha negative c l c ot rod o collector was compress lorwuofded with a roller prB&stng marfi (na. As a 
result, an elongated negative electrode wee obtained wMch had a width of 41.5 mm and a length of 260 mm. The 

a tttckness of tha nag stive-al sctrode-m Ix layer on each stde of tha nagaOva-alactrode oof ec tor was 105 pm. The nap- 
siJve-etectrode-rr^ layer was not form ad an the riegatIve*elecfroda coJJaotor of tha negative efodrode at tha outermost 
end. A port/on formed by only the negaifre-etectrode collector was eras tad. 

"> [0050] On the other hand, the poaldve electrode was manufactured as foflowa. 

[D059] That ts. 0.0B mole of lithium carbonate and 1 mole of cobalt carbonate were mixed wfth each other; and then 
the mix was calcinated at BQ0*C In air for 5 hows. Thus, LIC0O3 was obtained 

|QQ60J Then, obtained UCoG 2 was used a* a poaitrve^loctrode ecflve matatlal such thai 91 parts by weight of 
UPoC^» S pans by walflM of graphae carving aa a cofwrucflve material end 3 ports by weight of aelyvtrryfidane fluoride 

re (PvDF) serving as a Under ware mbtad wlih each othar. Thus; a pcattve-electrode mbc was prepared. Than, the ob- 
tain ad posJtrve^cJrode mbc was dispersed In N^nalhylpyreUdone so that positive^ sctrode mix slurry was obtained. 
The pOeffive-afcBcUpde mta slurry was appued to a region of only either side of a cmsQive-eleotroda collector made of 
elongated afu mlnum to* having a thlckn ess of 20 jinx the region having a length af 247 mm. Then, the potdive-eJBctrode 
mix slurry wee dried, Then, poGitve-Btectrode mbc slurry was applied to tho other main surface of lha posffra-efetfrode 

20 collector In a region having a length of 167 mm such that a position at which lha application was Started was made 
coincide with Che ebove-memioned posltrvs electrode mbc slurry. Then, the posdJvo^otoxtrede mat &krry was died, 
foSowad by compressing the two sides of the rxstfrve-eiecfrodo collector with a rot to ccvnpres3lon-mold me poeilive- * 
electrode collector. Thus, an elongated positive electrode was obtained which had a width of 30.5 mm. Thd pasltfve 
electrode Incorporatad a portion having two Bides on each of which me partftve-eJectroc^-mbc layer was formed, the 

as portion having a length of 1ST mm. A portion of the posftlve electrode, on aflher sldB of which the posIrfr*<toctrodo- 
mbc layer was formed, had a Eangth of BO mm, The trdeknees 0/ each of the posfl tve-etoctrodo-m/x lay ars was BO pm. 
The positive electrode had the outermost and and tha Innermost and each Incorporating a portion in wraoh the posrUvo- 
aJectroda-mbc layer was not formed and In which only the posltlve-elecirode coJtsctor was formed. 
[0061] The thus-manufactured elongated posrtrvs elaoftode end the negative electrode and two separators, each of 

w which had a thickness of 25 pm end a wWUi of 44 mm and which were in the form of smefl-pgre potyprepytena films, 
were laminated. The famlnate had four layers formed by sequentially Iambi aU rig tha negative alactrode, the separator, - 
lha posafve electrode and tha separator In this sequential order. The laminate was lengthwise wound pfvral Ernes, 
Thus, a spiral shape was formed which had a structure that the portion in which only either side of the posftrve-eJectrode 
colledor had the poahrvs*lsctrotf e-mbi layer was finjt wound end the negative electrode was placed inside. The end 

& of the outermost separator was secured with a tape. Thus, a col electrode was manufactured. The negative electrode 
of the coff etectrodu was longer than tha poafrJve electrode of the same. Thereforo. in the direction from the Inner portion 
of the ton electrode toward the outer portion, the outermost end of the negeUve electrode collector which was the 
outermost end of the ncgeUve electrode was, ee e matter of course, positioned more forwards than the outermost end 
of tha positive olectrodH collector which was the outermost and of the punitive efectrode. 

4e [0062] The outer diameter of the coft collector was 13 mm, whae the Irwisr diameter of a hcUow portion formed In the 
central portion of ma> coil collector was 3.5 mm. The outermost and of the rteoetrve^le^trode collector which was the 
outermost end of the negative etedrode and tha outermost end of the pea toe-etectrode oonsctor whfch was the out- 
ermost and of tho positive electrode were positioned apart from each other In the rbre-ajid-efl direction for distance L 
which was 35 mm. 

[0063] In this Bmbodlrnent, the nags rivMfectrode tead we* positioned a I the cole/most end of the negative efectrode. 
whDe the oostttvMlectroda lead was positioned at the Irmermost and of tha positive etect/ods. 
[0084] The thue-menufBctured coll eJerfrode wag accommodated In an Iran battery can sopited with nickel pfaong. 
An JnsularJng plate was pieced on each of the upper and lower sides of the coH electrode. The positive-electrode teed 
wee connected to the battery cover by welding, while tha neget)ve^!ectrodo toed was connected to the battery can by 
M welding. 

DJ065] Then, a nonaqueous electrolyte was prepared by dissolving, at a concentration of 1 mote/Uiar, UPF B In a 
mixed solvent which contained propylene carbonate and diethyl carbonate In the aa me quantities. Then, 3.0 g of the 
nonaqueous electrolyte was Injected Into the battery can go as to be anp/anneied Into the coll electrode. Then, lha 
battery oanwea crimped through en Insulating seeing gasket eppjfod wfth esph all so that tha battery cover was secured. 
« Thus, the nermeUcfty In the battery was mamtemad 

10 W0] Thus, a cylindrical nonaqueoue-e lectrotyte secondary battery (having e diameter of 14 mm and a height of 
SO mm) was manufactured. The foregoing cylindrical nc^eo^cnm-eJactrolyte secondary battery wee called Sample 1 
for convenience. 
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gemotes 2. 3. 4 to 6. 11 and 12 



[0067] Cyflra&ical nDnaqueovs^ectrofyte secondary baflenea wot* manufactured by o method almfer to that tar 
manufacturing Sample 1 except for a struct^ in wrtfd) the dla tanee from me outermost and of the negative etegtrade 

« to the outermost end cr ma pnsJdvs eJaetrode which was varied ae ehotom in "table 1 . The foregoing secondary batteries 
w«n cafled Samples 4 to 6. H end 12- To perform comparisons, cylindrical neneqwws-etectroiyta secondary batteries 
wars manufactured by a method similar to thai for manufa during Sam pis 1. In (his case, as shewn In Table 1, (ha . 
cyfridricaJ nonaquaous^ecMyte secondary baOBrias warn different (rem Sample 1 aa follows: the distance from the 
outermost end of the negative electrode and the outermost end or (no posttva electrode wee - Z mm; the posJtJve- 

«> ■ electrode coaectorove napped the negative-eiaciroda codactDrln the outermost port ton; the datarioe from the outermost 
end of ma negative electrode to the outermost and of the positive electrode was O mmg and the end of Ifco negatfve- 
electrode collector end the end of the positive-electrode collector coincided with each other in the outermost portion. 
The foregoing comparative samples were caned Samples 2 and 3 for convenience. Samples *in 6, 11, 12, 2 and 3 
were structured such mat (he outer diameter of the cofl electrode wee made to be 13 mm by adjusting the lengths of 

« the p*sJtfve-eleclnide-mbi layers formed on the two aides of the positive electrode and the lengths of the negative* 
electrode-mix layers formed on the two states of Ihe negative electrode. 



* • 

20 Table 1 



25 
W 


1 


Length of 
Fosltjve-ElectTorJe- 
Mix L&yef Formed 
on Either Side of 
Positive Electrode 
at Innermost End 

of Positive 
Electrode (mm) 


Length of 
Positivc-EJectrode- 
MU Layer Formed 
on Either Side of 
Positive Electrode 
at Outermost End 

of Positive 
Electrode (mm) 


Length of 
Positive-Electrode 

-Mix Layers 
Formed on Two 
Sides of Positive 
Electrode - 
(mm) 




Sample 1 


80 


0 


167 


99 


Sample 2 


80 


0 


167 




Sample 3 


30 


0 


167 


40 


■ , 

Sample 4 


60 


0 


1S2 




Sample 5 


40 


0 


197 


~ >- — 


Sample 6 


20 


t w 

0 


201 


*$ 


Sample 7 


0 


* 

5 


205 




Sample 8 


0 


15. 


202 




Sample 9 


0 


50 


176 



SB 



a 



* 



PAGE 27/41 ' RCVD AT 9/1712007 4:21:48 PM [Eastern Daylight Time] ' SVR:USPT0-EFXRH/3 * DNIS: 2738300 * CSID:8188332065 ' DURATION (mm-ss):06-10 



i 



09/17/2007 12:25 FAX 8188332065 



QUALLION LEGAL 



* PTO 



© 028/041 




EP0942 484B1 




to 



Sample 10 


40 


10 


( 194 


Sample 11 


60 


0 


179 


Sample J 2 


60 


0 


177 


Sample 15 


60 


0 


176 


Sample 14 


395 




0 


1 Sample 15 


395 


1 - 


0 


► ■ 

• 


» 


Length of 
I Negative-Electrode 
! -Mix Layers 

Formed on Two 
I Sides of Negative 
I Electrode 
1 (mm) 


Length of 
Negat ive -Electrode 

-Mix Layers 
Formed on Either 
Side of Negative 
Electrode 
(mm) 


Distance from 
Outermost End of 
| Negative 
Electrode to 
Outermost End of 
Positive Electrode 
(mm) 


Sample I 1 


250 


0 


35 


Sample 2 


250 


0 


-2 


Sample 3 | 250 


0 


0 


Sample 4 [ 


245 


0 


IS 


Sample 5 1 


240 


0 


10 


Sample 6 


224 


0 


17 


Sample 7 


213 


• 

0 


33 


Sample 3 


220 


0 


35 


Sample 9 

- 


229 


0 


50 


Sample 10 


247 


0 


5 


Sample 21 


243 


0 


27 


Sample 12 


241 | 0 


38 



10 



20 



39 



36 



40 



45 
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Sample 13 


239 


0 


43 


Sample 14 


• 

.0 


393 


35 


Sample 15 


0 


39$ 


0 



to 




Energy Density 
Ratio (%) 


Percent 
Defective (%) 


1 

13 ■ 


San pie 1 


100.0 




Sample 2 


100.0 


20 

* 




Sample 3 


100.0 


18 


20 


Sample 4 


. 102.4 


3 


• 


Sample 5 


104.8 


1 ■ 




Sample 6 


101.9 


1 


■ 


Sample 7 


100.2 


2 




Sample 8 


101.2 


2 


» 


SampJe 9 


97.1 


.1 




Sample 10 


105.8 


6 




SampJe 11 


101-0 


2 




Sample 12 


100.0 


* 

2 




r 

Sample 13 


99J5 


3 




Sample 14 


95.0 




* 


Sample 15 


95.D 


20 



*5 Sgwejgg 7 to 9 , 

. [0068] Processes similar to lhat for manufacturing 3amp<© 1 w^r« p^orrr^ ^ ^tru^r^ in u^ich me po^ 
Ithro-eloctrodQ-mbc layer was formed qn qrty either s~«da Bdjecqnl to the Innermost find of Via positive electrode. More- 
over, the distance from the outermost end or the negative electrode to me ouj^rmost end of the poetUve electrode w» 
50 varied as shown In To we 1. timjs, cyflnditew nonaquaous-electiolyto aecondiry batteries were manufactured. The 
mita-manijriiaurDd qyBndrlcaJ rinnaqueciis-^qtro^oetabnderyl^e^riaa we're ceiled 3ampfes 7 to9fof convenience. 
Semptes 7 to © were structured such that the outer diameter of the coN electrode was made to be 13 mm by adjusting 
the lengths or me poaitJvMiectrode-rnix Myers formed on me two sides of the positive electrode and the lengths of 
th& neoetWe^ectrode-rnlx layers tamed on the two sides of the negsllve electrode. 

55 

Sampfa 10 

* 

[008 9] A cylindrical nojiaqueous-eiactreiyta secondary beUery wee manufactured by a method similar to that for 
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manufacturing Sample t except for structure in which trio posith/MiBttnxJBKTjbt layer was formed on only e&hersWe 
at positions adjacent to no Innermost and outermost ends of the posWve electrode. Moreover, the distance from the 
outermost end of the negeUve etectrode to the outermost end of the posrtfve alactiode was varied as shown In Ttofa 
1 . The thu*manufaotured cylindrical rmaqueous-e tectforyta secondary battery was catted Sample 1 0 for convenience, 
J Semple 10 wag structured such* thai the outer dtomater of the coll electrode wee made to be 13 mm by adjusting the 
lengths of the poslova^aiaetrtxia-mBc layers tomed on the two sides of the paertrva atoctrode. 

sampts 14 and IS 

w [DD70] cylindrical nonaquBoua-eJecirntyle BBoqndary batteries were manufactured by a method similar lo Biai tbr 
manufacturing Sample 1 exoopl for slnjetures in which the pc£tilv*ate£lJodBH^ layer wes formed on Via ovaral 
length of only either tide of (ho positive etectroda and the negative electrode. Momovw, the dlatanoa from the outermost 
end of the negative electrode lo the outermost end of Iho posftrvo electrode wbi varied as shown In Table 1 . Ths thus- 
manufactured cylindrical ncrMquecHAS-slactroJyte secondary battarlaa warn called SampJes 1 4 end 1 5 for convenience. 

iS Sample 14 and ISwefeelnictun^auchthelmeoufcroHamelerof Iheceaalertode was madetobe 13 mm by adjusting 
tho lengths of the pttrUve^fetfmde^nbt layers formed on the two aides of me positive electrode. 

-^Evaluation of Samples^ 

» {0071] Each of samples 1 lo 15 was Charged for 8 hours el a emerging voltage of 4J2b V with a charging currant of 
300 mA. and then the foregoing sample* were, with a load of 600mA, discharged to 2.75 V. Thus, the energy densities 
Were measured. Assuming that Ihe result of Sample 3 was 100, the energy densities of the sample batterfae wMh 
respect to 100 wars obtained. Alao results were shown In Table 1. Moreover, a percenlage defective of each battery 
was obtained and also results were shown In Tablet. 

w ^ [0072] Ccmparisone were performed by using results shown In labia 1 among Samples 2, 3 end 15 end samples 1, 
4 to 14 according lo ins present Invention, Samples 2, 3 end 15 were structured such that the distance from the 
outermost end of the negative etocaode to the outermost end of the positive electrode was - 2 mm. Therefore, (he 
posbtve^lectrode col lector overlapped the negethre^ecJrodo co/lector In the outermost portion. As an aftamaUve to 
this, the distance tram the oulennoat end of the negative electrode to the outermost end of the positive electrode was 

M 0 mm. Therefore, tho end of the neeatfre^ecSrode collector and the end of the pouluvu otootrode collector cofncided 
with each other in. the outermost portion. Sempfes 1, 4 lo 14 aooordaig to the present Invention were manufactured 
such thet me outermost end of the nec^uva-elsctrode coflecsor which wes the outermost end of the negative electrode 
was, In e direction from the inner portion of the cod electrode toward ths outer person of the seme; positioned more 
forwards man the outermost end of Ihe positivMlactmde collector whfch was the outermost end of the positive etec- 

M beds. As a result of the comparisons, the samples according to ma present Invention enabled the percentage defective 
to considerably be reduced without reduction In the energy density. 

[0073] SampJes 1 and 4 to 14 according to the present invention were structured such thel the outermost end of the 
nagaJh^s-elecbode collector which was ma outermost end of the negative electrode was. si a direction from Ihe toner 
portion of the ooli electrode toward the outer portion of the same, positioned more forwards than the outermost end of 

19 the pasartfQ.o!cctrode collector which wee the outermost" end of the poaJbva electrode. Samples 1,4 to B and 10 to U 
among the Cbragolng samples 1 and 4 to 14 ware structured such that Ihe distance L torn the outermost end or the 
negabve^lecuTidecoJIecto . v 

etectroda cooector which was Ihe ouUmKx\ tnrt of tte po*U^ dttod* satisfied 0 < L £ ad on an oaaumpdon that 
the diameter of ths coll electrode was d. Sample 0 did not satisfy the above^erdJOned reJaltonahlp. Whan ma foregoing 

« eamptos wore compered with one another, Sample p encountered somewhst reduction In ths energy density 

[0074] Samples 14 and 15, having the electrode mix layer formed on only etthar side of each of Ihe collectors of both 
of (he positive electrode and the negative electrode, were subjected to e comparison. When the electrode mbi layer 
was formed an only ellher side of the collector. Sample 14 according lo the present InvertrJon enabled the percentage 
defective to conslderabty be reduced without reduction In the energy density. On the other hand. Sample 15 to Which 

* the present invention la not applied enooumerad a high percentage defective. 

[0075] As can be understood from the ebove-menlfoned results, the -structure of tin present Invention In whfch the 
elongated positive and negative electrodes were laminated through separators, followed by winding a famine te such 
thai the positive electrode forms tho outermost tayerso mat a ooO electrode Is farmed. Moreover, (he posftlvc^c ct rod o - 
mat layer b formed on on ry etthar main surface of the collector al e position adjacent to the outermost and of the positive 

5 etec j f0di flnOVora Position adjacent to the Innermost and. At the outermost end or the positive electrode; the posrtfve- 
elecbede-mrJi layer te net formed on the posKh/e-Htoctrode collector, thet Is, orWy Ihe poittrvo TectiuJu collector fa 
formed. At outermost end of the negative electrode, the negatrve^factrode colleclor Is not formed on Ihe nsgatlve- 
eJectrotfe coflector. that hi, only the negatrve-electrode coBoctor Is formed. In the cvectfan from the Irmer portion of the 
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coO electrode toward the outer portion of the sama, Ihe outermost end of the ntgative-elflolrodo coBeclor, which is the 
outermost end of the neflfiBve stotfroda. is posiUened more forwards than the outermost and of tha poaftlvo-olortrooa 
eonactor which 1b the outermost and of tha poajwe electrode. Thus, non-reacted active malarial for tha negativa aJao- 
tmde in tha battery can bo reduced; Thus, an effective area can be enlarged In the battery corn*pondtngh'. Trvsrerore. 
6 tha Inside portion of me battery can effectively be used, causing tha enemy density Id be rafted. Thus, elonoaaon of 
Bfertme against cyole operations was confirmed. 
pa76J tathae*e*eT**we«^ l th» 

electrode coMecter which b (he outermost and of the negative electrode, m the direction from the Inner portion of 010 
cod electrode toward the outer portion of me earns, the papanve^ledrode lead fa poaHloned mora tofworo^ than tha 

to outermost end of tha posltrve^lectrod* cooector whteh la pie outermost and of the positive electrode. Thus, even If 
the rwceflvo^ctrode lead pierces the ssperetar disposed between Che coil electrode and tha battery can, tie negative- 
electrode lead la brought Into contact win only tha battery can which la Ihe aemenegadve aiactroda. Therefore, titamal 
short cfrcuK does not take place and therefore, any defect occurs. Thus, the retleWltty can be improved. 
(D077] In the pr^errt Invention, the outermost end of the ooomK^lectrode collector; which i* the outermost end of 

ts the negative electrode, and the outermost end of tha po ri fl v fr eEac troda eoftectar. which to tha outirmosl end of lha 
positive electrode, are positioned tore-end-eJl In tha distance &om the Inner portion of the poll efadrode toward the 
outer portion of the same. Assuming that Oil distance m*n the outerrncet end of the nao^lfve^BOtrode coOactor to 
lha outermost end of the poerbv^lacirode collector is Land the diameter of lha cod electrode la d. the refeUonahip 0 
. < L s nd is setoted. Thus, the enetyy denatty can furthermore be raised and the lifetime egatast the cycle operaeon 

20 can furthermore be elongated, 

[0Q7B1 Tha diameter of the cylindrical rnnaquftous-electro lyte secondary battery wee varied to 16 mm end 20 mm 
to evaluate each of me rnenufscfured cyHnortcsl nonaeUfnus^lectrolyte secondary banarles. Thus, simBar tendencies 
to those shown with IhB aoove-rnenUooed samples were 9hewi% . 

(0079] An floptical cod electrode was manufactured as thecofl electrode so that a nonaqueous^leciroryta secondary 
m battery which wee a rectangular battery having a thickness of 9 mm, a width Of 34 mm end a height of 4$ mm was 
manufactured so as lo be evaluated. The outemxwl end of tha negattve-olectroda couector which wan the outermost 
end of me negative electrode was poaHlonad mora forwards than tha outermost end of tha posto V e electrode onUsdor 
which was the outermost and of ihe positive electrode. The distance turn tha outermost end of ma negative -do ctrode 
cooactor positioned at the outermost end of the neoaftra electrode to the outermost end of me pcelh^laetode col- 
x> lector podtfonod at me outermost and of the poslDvs etecboda which were posWoned fore-and-aft was net longer than 
the circumference. In mla case, reduction of tie paneniaga defective wbb enabled without reduction ti tha energy 
density. 

10080] As described above, tha rmtequecw^edroiyto secondary battery according to the present invantton Inoor- 
poratBs: a coil elactrode formed by laminating an elongated passive electrode and en elongated negative electrode 

35 through a separator and by winding a formed lamhata such that the positive electrode Is positioned at the outermost 
. posttjon, wherein the posnh^^ctrode^mte layer lo formed on only either main surface or the collector at (he poaBon 
adjacent lo the outermost and of the positive electrode and/or lha position adjacent to the Innermost and. the posAJve* 
oiBctrode-mUteyerls not formed on the pc^rvroleclrode (lector at the rxiterrnoal and of the posttfve electrode and 
only Ihe posKrve-elactrode colector la farmed, the neo^lN^etedrod»mbt layer Is not formed on tha nogatfve elsdrods 

-*o codedor at tha outermost end of the negafive ofactroda and only die negalhro^locUooe coBarfor fa formed, and tha 
outermost end of the nog aih**-tt*ctrode collector poettlonad at the outermost end or the negative electrode fa. In the 
direction from the Inner portion of mo. coil electrode toward the outer portion or the seme, posraoned more towards 
hen the outermosi and of the poeitrve^iectrooc collector. Therefore, the non-reacted ac&vs rnaJertal rot tha negoeVe 
electrode In the battery can be reduced, Thus, the. effective battery area can be entorged comsspondlngfe Therefore, 

45 the Inside portion of the battery can effectively be used, pausing the energy density fa be raised end lha lifetime against 
a cycle operation re be e^jngatad. 

[Mai] . Tha noriaqu*ou8*electroryte secondary battery according lo the present Invention Incorporates the neoaovo- 
sJsctrode lead formed adjacent to the outermost and of the nagetrVo electrode eoDedor positioned at the oularmosl 
and of the negative electrode end the negative electrode cobador b. In the direction from the Inner portion of the cbi 
so Btoctrode toward the outer portion of the seme, positioned more forwards than the outermost end of the poaUive- 
electrode collector. Thus, even if the negadveretedrodB lead pierces tha separator disposed between the coU electrode 
and tha battery can. the negaUva-etaotroda lead Is brought kite contact with only the battery can which is also the 
negative electrode. Therefore, Internal short cfrcult can be prevented, any defect can be prevented, and the rauabiiay 
can be Improved. 

** [0034] Tha coil eleotrod e of the r>onaquecwelBCtrtfyte stcondsry battery according to the present Invention i* abgc- 
bired such that the distance L from the outermost end of Ihe nso^ive^ecirode coll actor positioned at the outsrrnoet 
and of the negative eledrode to the outermost end of the pOtltlve*lectrode collector positioned at the outermost end 
ol the positive electrode Which are po*iuoned fore-and-aft In the dlrerilon from Ihe Inrwr portion of the COU electrode 
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toward the outer portion erf the same satisfies 0 * 1* nd on an assumption that the diameter of the 00H &ladrodo la d- 
Thus, Internal short drcirit can be prevented, tha vnorgy densfly can furtJlormDro be raised and the IttatkTM) against a 
cycle operation can famtarmore be ebngaled. 

[0083] Although the Invention has been described In Its preferred fbrni end structure with a certain degree of parties 
ukuity, ft Is unde ie t on d that Ifta present oTadnSrUie of the preferred form can be Changed In the dearth of eOrfaaYuClfan 
. and In the combination and arrangement of parts without daparling from the scope of the invention as heramafler 

cf aimed. 




to Claims 

1. A rwnaquTOua-eJedruJyte secondary battery comprising: 

« 

a coll electrode termed by JamJnaUng. an elongated positive alectroda which has a posfDve-elactroda-niix layer 
ill • Tofmad on at feast either of mam surfaces of a posttv oHitoc t rt J d a collector and an elongated negative aJactrodo 

which has a negauve^tedrodo-mbt layer farmed on at least either main surfaces of a negjftse-tJectrode 
collector and by winding a formed lamsiste such thai said positive electrode la posnioned at the ouierrnost 
posffion of said coll alectroda, wharafri 

said pc^Jtrvo^icctrodo^nh kayer la formed on crdy either of main surfaces of aald eeffedor al the proton 
adjacent lo the outermost and of said positive electrode and/or the poefUon adjacent to the taarmost end of 
sbM positive electrode, said pralttva^BctrDde-frdx layer Is net formed on cam peaH^olactmdo cotector at 
the outermost end of aald positive, electrode end only said posfrtve-eJectrode collector Is farmed, 
said nagativ*«iectode-mb( layer Is not formed on said negaaWoiefsnxle collector at the outermost and of 
said negative rteotrode and only aakf negative-electro tfe cdector la formed, and 
26 the oulermosl end of said rvegatJve-eJecffods coiiador poaitkmod at the oulwmost end of said nagat/ve eJec- 

trade Is, In the d Faction from the Inner person of said COS electrode toward the outer portion of said coJI cleo- 
(rode, positioned more forwards than ma Oinwrncat end of aald posIOve-alectroda coflecton 

2. A ncrjaqueove-eteefrolyte secondary battery aooamain (o ctafm 1, wherein 

JO tt 

eald con etecbooe Incorporataa P neflative-eiectrodo lead adjacent to an outermost end of said negelrve- 
eJectrode octoctor portioned at (he outermost and of said negative electrode, and 
eald negatfve-electroda lead la posniofted mora forwards than the outermost end Of safd poeWve-etectroda 
collector poattoned at the outermost end of said positive electrode. 

*« A nonaquscwelacrjolyta secondary baflary accord big to dabn 1 . wherein 

said con eJecfroda has a structure that dialanca L from the outermost end of aaid rwdaUva-efectrode collector 
positioned at the outermost end of aald negative electrode to a\a outermost end of said posUve-eiectmde collactar 
posfoonad at the outermost end of said posftiva electrode which are posWoned to a rore-and-aft direction from the 
Inner portion of said cod electrode toward the outer portion of saEd coD eiedrede satisfies Ehe feUowtng retetlaashlp 
on an assumption that ihe diameter of the oca alectroda la d: 

* 

» 

0<LSad 

4. A nonaqnaouB-alectrDtyte secondary battery according to dslm t , wherein 

saW neg^*rve~e!ecbode mfc contains a fiagatrva-eractrode material and a binder 

5- A rwrtaqueous^laciroiyie secondary battery according to dafm 4, wherein 

aaal naristrva^lactrode matartalla al least one type material selected from a group consisting of a crystalline 
metal oxide and an amorphous metal oxide which permit dopfngAiedopino, Hthhim ions. 

* A nonaQuaous^ledrolyia secondary- battery according to dabn 1 r wherein sard rrailrva^eledroda mbt contains o 
pc^Wve^leCtroda notarial, a canduetfva material and a binder. 

7. A nonaquaexjs^ctroryte secondary battery according to dabn 6, wherein 

said pcaltfVB-eieetrode metered Is at least one type material sdeded Irom a group consistfngof UMGk (where 
M is at least any onacrfco.NI, Mn, Fa, Al. V and 71) and Jnteneyar compounds each containing u. 
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a A nc*^uooua-electrg|yte soawdary battery Bcoordfog to datm 1, wherein 

said separator la made of Hit laaal one type material salaried from • group consisting or polyolhytano and 

polypropylene* 

9. A mxiao^oous-oiectrotyte secondary battery amatftig to ckalm 1, wherein 
Mid posnrvB-olaetrode coU«Jor bp made of at lee si ona type material selected bom a group consisting of 

aluminum, stainless stool and nickel. 

10. A nonaqueous lectrotyte secondary battery according to claim 1, wherein 
said nega»V9-electrode collector Is made of at least ona typo, meimtal selected from a group consisting of 

copper, seamless steal and nickel- 

11. A noft^uoous-oteclroryla secondary battery according to claim 1, wherein 

eeM rwwo^eous-eJecOTJtfyta secondary battery contains a nonaqueous electrolyte prepared by diesoMnp; on 
etectrolyte in nonaqueous solvent, and 

wkj nonaqueous solvent la made of at least ona type material selected from a group eonatsttng of propyl ana 
carbonate, ethylene carbonate, 1,2-dlmethcayaihane, 1, 2Kfl*U^oxy«tnane, dtattiyteartrenate, xbutyrofactono. 
telrahytaxrfuran, l ,3-dkwolane, a^ethyM, 3-dloxolane, diethyl ether, eutfotane, metrrylsurfbiarie* acatonitrilo 
and proplonltrile. 

12. A rwnaquooua-Qiaciroiyta secondary bauery according lo claim 11, wherein 
said atoevoryta la at laaal one type material selected from a group consisting ofUCIO,. LlAsF*. UPFg. LIBF 4 , 

U8(GbHb>* UO, UBT, USOjCHa and LSOaCF, 

patentanaprficha 

1. Sekundarbatterle ma rucht-wassdgem EWdrotytim, imtfassend: • 

so 

alnen Betted enwkkeJ arhaften durch Urrfntaren einar b1r«sefstrec*ten poafflvon Elektrode, beldoreufzu- 
mJndesI einer der HBuprJlachan alnes poeltrven &aJdrodenlvUektor* sine Schteht ofner nosHtain Etaktroden- 
mlscnung aufgetragen fat, end aeiar [anoaenrfreckfian negaUvon EJektroda, baf dar auf zumMest elner dor 
Haupfflfichan alnaa nagatfvan ElaktrcdentoUektoni e(na nagatft** Balcuvderaiaschung aufgefragen 1st wobel 
M das Lamlnat In dar Walse gawlCkaJt 1st, das* die posttto ElErfdroda Bn dor auQeren SeSte dee Eleldroderwrickels 

llagt. wo bet 

die Schlchl dar posJUwon Etoktrodenmlschung nur an ehar State, die an das AuScro Ende darpoaloVen EleK- 
troda angrenTt und/oder an aJner Stclto, dJo an dae (mare End a dor posilivan Be tetrode engrenzL auf etna 
der Mauptflacnan dea KofWdora aufgefcragan tat, und auf dem auRareo Ends dar potftfven ElaMrodo die 
40 Schtcht der posH/ven eioklroo^nmtachung ntoht auf den poattlven Eleidrodentoflektar aufnotragen 1st, fifso 

nur der KolflldDr dor posffiven EfeKtfOCe voftJagt, 

am fcj&eren Ende der negaUvan Baktroda dla Scnfcnt sua dar negaUvan BeKfra&eiimhcrtung nlcht auf den 
KoJoktor der negatrven Elaktrode surgrtraoen 1st. else nur dar KeJlekaY dar negative n Elektrode variant, and 
wobol In rachtung vom tnneren Abscnnltt ear gawfefcaftan BeKfrodo zum flu&aren Abactirutt dar gewtckelten 
49 Eiaknoda geaahan daa am auQeren Ehde der nogatfven Slaktrada logande 1 uflare Enda dee negatrven Elak- 

IrodenfcoOektors waiter voma engeoranet 1st ats das eu&ere Ende dee KOfloJdora dar posrUven Elefciroda. 

■ 

2. Sidarndflrtjatreria rnlt nkiit^wBRsrioarrj Etoktrotyten naoh AnapnjCft 1 , wobal 

so r dar EJaklrodanwlokol e/non AnscnJuss fur die negaifva Bektroda aufwolsi, dar an das lullere Ende dea am 

aufiaron Ende dar negaBvort Elvktmda ttegenden negaUvan ElaldrodariltoilBlctaiv Braohlteftt, und 

dar Anachluaa dar negatrven CteWodo wetter vome Ifagt ala daa fiuaara Enda das am auftemn Enda dar 

poerbven ElaMrodo Hag on den posmven ElaMnodenkoilaklom. 

ss 3. SalojndarbattBne mil nlcJil-wflssrtgcm ElaKlroiyten nech Anspruch 1, wobel 

dar BakltodarfWioiCBl so gastanat 1st doss eln Abstand L zwlachen dam fiu&aren Enda das am fiuBeran 
£noa dar negaUvan Bcktroda angoordnoton negetfven Patttradenkaliaiasra und dem Su&eran Enda dea am au- 
Oaran Ende dar posfttven EtoKtroda angoordneten posiUven QbidrndenkotraktoiB. wobai diasa m Unssricr&tung 
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von dftm Innoran Abschnltl das Elaklrodanwicfesla zum AuAertn Absdmltt des Bektrodenwtdccia Nmaralnendar 
a ngopiri net alnd, d la folge nrfa Bezfehung erfDUt, untor dw Annanine, desa dor DurtfHnaaaer dos BeWrodtfnwfcfcefe 
d antsprfcm: 

0«L£*d. 

■ 

4. SekundirbattflrlB mft nWrt-w&ssrtgam Efokfroiyton nfleh Ansprucft 1, wobal 

dta neflflliva EJtoKtnxJenmtechung eln Materia r flJr dto nagatfva Etaktrod* und ain Blndarrnttd umfasst 

5. Sekundfirbaterfa mtt nlcht-wfts sri aam EJaktrotylan rrach Anapnjch 4, wobaJ 

da* Matertal dor negatKon Eloktroda zumlndast rina Ait von Material let, daa □usgswahUistsus elnar Grap- 
pa. w^Iphe bestahl aua einem krtatalllnen Mrtalkwld und tlfwn runorphan Mataiioadd, wafcha das Doueron und 
DedolJaranvan Lfiniumtonan ermaGlfcfian. 

6. sokundflftattBrio mil nrchi-waoarlgorn Era torofyton nach Anspruch i , Mb«i dia posftVB EiftWmdajunbcnung «in 
Material fiJr dfe poslUVa Befctrode, •In taJtfahloes Material imd atn Blrxterome* umraasL 

7. Setandflrtratorle mH nlchf-wflssrlgeni Eiattrofyian nach Anapruch 6, wobef 

das poslLtva EJaktrodanmaterfeJ turntodeat e In© An von Malarial umfasst, da* auepawShlt 1st pua elnerOup- 
pe t ««Ww au9 UMOa (wobet M lumlndeslalnas 1st von Co. Ni, Mn ( Fa, AJ, V undTI) und Effllaganingsvamkidurtgon 
basteht wdcnajewaite u anihaii&n. 



a. SekundarbattaTta mit nfdiV-w&awlyem Eloktroryten nacn Anapruch 1, 
35 do/ Separator aus2innindastBinarn darMataitallen hargasiatft 1st, watch* ausgawahitairMi auaafner Grappa, 

bBflishand aua Foryotnylon und Poiypropytsn. 

8. Settmdftrbaaerift ma rifchi-wSssrigem BeWrofylwi nach Anspruch 1. wobel 

dor positive EletoredankoneKtor aua 2umindast oJnem dor MalertaH an harojeslam 1st, dte aurawAhrl ilnd au* 
30 ttrtir Gruppa, baattnand sua Aluminium, reotfratem Stehl und Mckol, 

10. SekumHrbflttarfo rrtft rdcfit^rjongem Etoktrotytan nach Anspruch 1, wfael 

dor nogairva EteJoroderikoJleMftr aua iumindaet glnem dor MatoriaDen horoastBlft tot die ausgow£hlt stnd 
aus alner Grappa, bostehend bis Kupfar. nntfretern Stahl und Nickel, 

11. Sakundflrtwdarla mil nten^waaflrfQarn EiBktntytan nach Anspruch 1. wobeJ 

dlaaa Olnoo nlcM-wSSfiflpon BoMroryton enuiaH. dar harftestelft 1st dlirrfi Loaen etnas Elo ktrcrtyten fri alnem 
nTchl^BSErlgafi Iftwngwnlttel, und 
40 nk*^wl»arlaa Lomnpfimmei ^umindeat ausa^am der Materia Oen haigaatalltbl, wafcha aaagapfthK slnd 

aus etner Gmppe, baitonend aua PropyJoncarbomt Ethyfencarbonal. I^DkmoiraM^Bthwi. 
1 ( 2-Dlolhoxyathan, Dfolhylcarbonat rflnlymtocten, Tetrohydnofuran. 1,3-OloxaJan, 4-Maihyl-1>diojo3tan 
Dlelhyfaatitr, Suffolk MatfiyiBuifoiBn. AcotorVtrfl und ProptenfML 

« 12. SeKundflrbaaoflo mft f^fini-wfiasiiGern Etektrolytan naA Anapmch 11, wobaJ 

dar Ejlatdroiyt zumhdoot elrtas dor Matertaflan bt. die auioawfthlt alnd au& einer (sruppe, baotanend aua 
UCJO #i UAaF^, UPF fl , LIBF*. \JB{Q 0 Yi^ 4t UCI. LBr. USO^CHg und U90 3 CF^ 

so RavandJcatlona 

1. Arcumulateur oacandalra a aJoctroryta nrxiBquoux compranant: 

una alactrada an bobfrie formaa an atratiflant unq dfoctrodo poalttva aUonDda qui preaenta una cnudia da 
« maianga d'olodrodo poshJva Ibrmaa aur au moma runa da« oudacoa prtrtdpalaa d"ur» cnDadaur tfaiactroda 

poolthia ai una olartrodB nanaUva altongae quJ praaanra una coucha da maJange d*alaciroda neaaHv* foimaa 
aur au rmbia runa daa ouifacaa princfpataa d«un coJfectaus d^iactrada nagotive at an cnroutant un ttnW& 
forme da Mb soita qua ladrta aJeeinxfo poaWva asi diapoeao our la position axU rlaura da ladtta Oactrod* an 
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bobhiA, dans lequel 

Jadlta coocne Oe mtUinge d'eladroda positive set form** sur imlquament fun* des surfaces prindpaJe* dudll 
' DOJIecteur a la poalBon adjacent© da rexiremtte exWeuro de bdBa Ai»=trotte positive etfou a at position ad- 
JacemtB do faxtremlte Imerfeure da ladte electrode posfflve, ledlla couche de melange d'eioctrode positive 
a rftftt pas fdrmae sur ladlt cdloctevrdWecimde positive a raxtramlta axtariaure do ladtfei electrode posJUve el 

soul ledit coflacteur rfeletfrode posftlve aat forma, 

ladJta couche da rnatanna d'efectrode negative n'est pea form** sur ladlt colled our rfttlactoda negative A 
roxtrtmfi* exterieure da tedtte electrode negative el seu) (edit collecteur tfAfectrade negative eat forme, el 
raxtrtmttfi extartauns dudlt oolleciour felecfcode negative dispose* a FaxtremftA exterteuro da todBc *l*c*ode 
io negative aa trouve, dene la diracflDh attant da la partla Interna da ladBe electrode en bobtne vers la parte 

exteme da (adila electrode en bob Ine, dlsposee piuo en event qua Paodrimfla exterteura dudlt cnlecteur d*efec- 

ft'OCa^r- P^X9ces^r^ds 



2. Accumiitateur second aire a eJectrotyte nan aquaux salon la ravendkvtlon 1, dans tequel 

ladrta electrode an bobtne Incorpore un conduqtaur o*aladhfods negative adjacent a une exfremtta extaVieura 
dudH coflecleur d'eaactrode negative dispose J rextntonfta eKiedaure de ledtte ejactrode negative, el 
fadii conduoteurd'dlsc&odo negative est dispose phia an evartt'da rextrirrrinfc axtariaure dudlt oofledeurd'elee- 
DAOde positive dlspoed a rextnsmlbS exterieure de bdtte etectrod© positive. 



3. Accumutoteur «eoondeJre 6 eiacirnlytB non aquaux salon la revendlcstfon 1, dans lequel 

ladfta electrode an bobJne presence une structure tana qua la destanoe L da rsxtretnite exterieure dudlt col- 
lects ur oTetectrods nagatlva dispose * Pextrfmrte exterieure de ted*e elecbode negative jusqu*a rextrimJie ext6> 
rlauro duett cofl odour d'efecirode positive dispose a rextrerrWie axtfrleise do lad lie electrode positive qui sent 
as disposes dens une direction torxjttudlnale stent da la parte interna da ladrte Jlactrodo an bofalne vara la partle 
axtame da redHo electrode on boblna vausfett la relation eulvarue an suppasant qua Id diarnetre da ('electrode an 

bobtne est d" 



0<L5xd 

4. AccumutalBur seoondalre a electrolyte non equeux salon la ravendteaSen 1 , dans (equal 

todfl melange tfaieclrade negative contlent un matsrinu tfe^ectrode negefive et un Ham 

as 5. Aocumulateur second aire e electrolyte non aquaux salon la revendteatfon 4. dans tequal 

tedlt matanau d'alactrode negative est un rnalertou d'au motna un type choral perml un oxyde mataOIque 
crlstadfn at un oxyde metalOqua ennofpha qui permet la dopaga/daoopaga dlona llthrum. 

e\ AocumulaSaur secandalra ^ eisctrDlytfl non aquaux selon la ravsndlcaDon 1, dans Jequel 
40 ladlt maianga tfalectrnda poalnve oontianl un maMriau cfatactTDdD posiUva t un matarkau condUctaur at un 

Bant. 

7. Accvrnulateur secondare 41 Electrolyte non aqueux selon la rwendteeSon €, dan* lequel 

tedtt material* tfeJao&oda positrve est un matedou <fau moina un type dn>lat panrt UMO, (oO M est run 
«* queiconqua penni Co, Ni, Mn, Fe, Al, V el H) at das composes de eoucho Wermediefre contenent eheoun U 

9* AoQumulatBur secondatre & electrolyte non aqueux sekxi la raven dJcatf on 1, dans lequni 

ieOrt aepanjajur est oonsutue d*Un malenau ifaU tnaHns un type chO&J parmi le pOlyAlhylena at la pofyprupy- 

[ana. 

m 

& Aocumulateur second*™ h electrolyte non aquaux sekxi la revenoicaUon 1, dans toque! 

ledJl coUecteur d*eiectrode posRtve est consWue dMn meterfau d'au mdns un typo choJsJ perm) ralumlntum, 
radorlnoxydable et la nickel. 

98 10. Accumulsbjur socondaJre * eloctroJyte nqn aquaux salon ta raven dicatXX1 1 , dene leojuol 

ledH coiecteur d'etectrode negative est constlUre d'un malajtau d'au mcdns un type cnoisl parml la curvm, 
I'eder inoxydahie at le nickel. 
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11. Atbjmiitoteiir secondare e electrolyte non aquoux salon to fevendicotton 1, ttene tequef 

lad it amjrmilfltour Bseondato d 4toctno(yte non aqueux Dontliint un AfectroMe non oqueux prepeni par db~ 
eotuuon d 'un flecireiyie dan$ un sotv&nt non aoueux. el 

tedlt solvent n on oqueux ©a comfort <fun mitertau (Tau mplng un typo chotel parmJ to carbonate do propylene, 
to carbonate o euiytone, tai ^tmothg^yetftane. to 1 ,24fetftOKyeVuine, to carbonate do dlaffiyla, b-Huityro- 
lactone. to letrBhydrolunme. to 1,3-dtoxoten^ i* ^fnottyM^oxoWno, to dMtriytothor. to suUbfane, to me- 
thyteuifolino, raoAtomiriia of to propkmftrtle. 

12. AoCumiilatBur second afro q efectrotyle non oquetn eetaf) to nmndkabon 11, dans laquof 

todlt etodrotyte est un dibxMbu 0*00 mofcu un type chafed perml UCtOj, UAaF*. LIPF-. UBP 4> LIB/CbHOj, 
UQ. UBr. USO3CH3 et LISO^F 3 . 
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